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BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates to a method for packaging 

a pickup device, which is used for a digital optical 
instrument, and in particular, an image sensor module and a 
method for fabricating the same that can be realized by 
changing the conventional wire bonding method to a gold bump 
10 method to minimize the thickness of a package comprising a 
p solid-state pickup device, which is referred to as CCD or 

*Q CMOS, and by subsequently changing the fabricating process, 

p Description of the Related Art 

^ Following the recent trend of seeking high 

CO 15 intelligence, high integration and minimization of electronic 

i 

' s devices, semiconductor packages are realized with high 

intelligence and high density. Technologies in semiconductor 
device packages have also sought minimization, slimming, high 
density and high performance. 
20 Recently, high intelligent video cameras are under 

development to facilitate portability owing to small size and 
light weight as home appliances. Consumers' demand has also 
been directed to a high screen quality including faithful 
color reproducibility and detailed expression. To meet such 
25 demand, technical levels of manufacturing camera parts have 
been notably improved, especially in increasing pixel numbers 
of a solid-state pickup device, i.e., the CCD or the CMOS, 
which is often referred to as a heart of a video camera. 

Fig. 1 is a cross sectional view of a solid-state 
30 pickup device according to the conventional ceramic packaging 
method. Referring to Fig. 1, the drawing reference numeral 1 
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identifies a ceramic package having a surface, in which a 
metalized conductor is formed, and a concave portion 3 at the 
center thereof. A CCD or CMOS chip 4 is die-bonded with the 
concave portion 3 by means of a conductive adhesive 5, etc. 
An electrode pad 6 of the CCD or CMOS is wire-bonded with the 
metalized conductor 2 by means of a metal wire 7. The 
drawing reference numeral 8 identifies a reed terminal 
deposited on a facet of the metalized conductor 2, which is 
exposed to a side surface of the ceramic package 1. 

Fig. 2 is a cross sectional view of a solid-state 
pickup device according to the conventional resin packaging 
method. Referring to Fig. 2, a reed frame 11 comprising an 
internal reed 9 and an external reed 10 is die-bonded with a 
concave portion 13 provided at the center of a molded resin 
package 12 by means of a conductive paste 14. As in case of 
the ceramic packaging in Fig. 1, an electric pad 6 on a CCD 
or CMOS chip 4 is wire-bonded with the internal reed 9 by 
means of a metal wire 7 . 

The conventional image sensor chip packages as 
described above are fabricated by undergoing processes of 
sawing the wafer-state chips, die-bonding each separate chip 
with a surface of a PCB, wire-bonding the chips with the PCB 
for electric connection, and air-tightly bonding a module by 
means of glass. 

However, the image sensor package as described above 
not only fails to meet the current trend of reducing weight, 
thickness, length and size thereof but also has a limit in 
reducing the size of the CMOS module. Furthermore, hollows 
created around an image area (i.e., an image recognizing 
part) poses a problem in the packaging process of precluding 
particles from the hollows. Moreover, the chips connected to 



the PCB by a wire have a deteriorated electric characteristic 
because of the long electric path. 

In addition, soldering to connect the image sensor 
module to a digital signal processor board complicates a 
post-process. Also, the position of the image sensor module 
cannot be freely defined on an instrument because the image 
sensor module needs to be soldered on a fixed position of the 
DSP board. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide an image sensor module and a method for fabricating 
the same that can be realized by changing the conventional 
wire bonding method to a gold bump method to minimize the 
thickness of a package comprising a solid-state pickup 
device, which is referred to as CCD or CMOS, and by 
subsequently changing the fabricating process so as to reduce 
weight, thickness, length and size as well as to enhance air- 
tightness and reliability of the image sensor module. 

It is another object of the present invention to 
provide an image sensor module and a method for fabricating 
the same to correspond to the type of a PCB, on which an 
image sensor is seated, i.e., to a flexible PCB or a hard 
PCB, according to the change of the conventional wire bonding 
method to a gold bump method. 

It is still another object of the present invention to 
provide an image sensor module and a method for fabricating 
the same that can drastically reduce weight, thickness, 
length and size thereof by eliminating almost all of the 
hollows created between a chip and glass (or an IT-filter) by 
the conventional method, which allocates the glass on a 



surface right above an image area (an image recognizing part) 
of the image sensor as well as by realizing air- tightness of 
the image area. 

To achieve the above objects, there is provided an 
image sensor module according to one aspect of the present 
invention, comprising: a flexible PCB for transferring and 
transmitting electric signals; an image chip seated in a 
hollow area formed on a side surface of the flexible PCB; a 
predetermined transparent medium having a printed circuit of 
a predetermined pattern on an upper surface thereof; a first 
bump and a second bump formed on the upper surface of the 
transparent medium, the first bump being electrically 
connected to the chip pattern of the image sensor seated on 
the flexible PCB by bonding, and the second bump being 
electrically connected to the circuit of the flexible PCB; 
and epoxy resin for molding a rear surface of the flexible 
PCB, on which an image chip is mounted. 

Here, the predetermined transparent medium is either 
glass or an IR filter. 

The image chip is seated on a hollow area formed in a 
predetermined portion of the flexible PCB so that the pattern 
of the image chip can be matched with the first bump, and 
that the bonded transparent medium can be disposed 
therebetween . 

The bumps are composed of a medium having high 
conductivity such as gold or lead. 

The bonding is performed by means of ultrasonic wave or 

heat . 

There is also provided a method for fabricating an 
image sensor module according to one aspect of the present 
invention, the method comprising the steps of: forming a 



printed circuit of a predetermined pattern on an upper 
surface of a transparent medium; forming a first bump and a 
second bump on the upper surface of the transparent medium; 
first bonding the first bump with a pattern of an image chip 
so as to be electrically connected to each other; secondly 
bonding the second bump with the circuit of a flexible PCB so 
as to be electrically connected to each other; and molding a 
rear surface of the flexible PCB, on which the image chip is 
mounted, by means of epoxy resin. 

Here, the predetermined transparent medium is either 
glass or an IR filter. 

The first bonding step is performed by seating the 
image chip in the space of the flexible PCB cut at a size 
equivalent thereto so that a pattern of the image chip can be 
matchably bonded with the first bump, and that the 
transparent medium can be disposed therebetween. 

The bumps are composed of a medium of high conductivity 
such as gold or lead. 

The bonding is performed by means of ultrasonic wave or 

heat . 

According to another aspect of the present invention, 
there is provided an image sensor module comprising: a PCB 
for transferring and transmitting electric signals; an image 
chip seated in a hollow area formed on a side surface of the 
PCB; a predetermined transparent medium having a printed 
circuit of a predetermined pattern on an upper surface 
thereof; a first bump and a second bump formed on the upper 
surface of the transparent medium, the first bump being 
electrically connected to a pattern of an image chip sensor 
seated on the flexible PCB by bonding, and the second bump 
being electrically connected to the circuit of the flexible 



PCB; epoxy resin for molding a rear surface of the flexible 
PCB, on which an image chip is mounted; and a molded material 
filled up with the epoxy resin to a glass surface between the 
first bump and the second bump for maintaining air-tightness. 

Here, the predetermined transparent medium is either 
glass or an IR filter. 

The image chip is seated on a hollow area formed in a 
predetermined portion of the flexible PCB so that a pattern 
of an image chip can be matchably bonded with the first bump, 
and that the transparent medium can be disposed therebetween. 

The bumps are composed of a medium having high 
conductivity such as gold or lead. 

The bonding is performed by means of ultrasonic wave or 

heat. 

According to another aspect of the present invention, 
there is also provided a method for fabricating an image 
sensor module, comprising the steps of: forming a printed 
circuit of a predetermined pattern on an upper surface of a 
transparent medium; forming a first bump and a second bump on 
the upper surface of the transparent medium; first bonding 
the first bump with a pattern of an image chip so as to be 
electrically connected to each other; secondly bonding the 
second bump with a circuit of a hard PCB so as to be 
electrically connected to each other; and molding a rear 
surface of the hard PCB, on which an image chip is mounted, 
by means of epoxy resin. 

Here, the predetermined transparent medium is either 
glass or an IR filter. 

The first bonding step is performed by seating the 
image chip in the space of the flexible PCB cut at a size 
equivalent thereto so that a pattern of the image chip can be 



matchably bonded with the first bump, and that the 
transparent medium can be disposed therebetween. 

The bumps are composed of a medium of high conductivity 
such as gold or lead. 

The bonding is performed by means of ultrasonic wave or 

heat . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will become more apparent from the 
following detailed description when taken in conjunction with 
the accompanying drawings, in which: 

Fig. 1 is a cross-sectional view of a solid-state 
pickup device according to a conventional technology; 

Fig. 2 is a cross-sectional view of a solid-state 
pickup device according to another conventional technology; 

Fig. 3 is a top plan view of an image sensor module 
applied to a flexible PCB according to the present invention; 

Fig. 4 is a side sectional view of an image sensor 
module applied to a flexible PCB according to the present 
invention; 

Fig. 5 is a top plan view of a CMOS image sensor chip; 

Figs. 6 to 9 are diagrams exemplifying the steps of 
forming gold bumps; 

Fig. 10 is a top plan view of the chip bonded with 
glass after forming the gold bumps; 

Fig. 11 is a top plan view of a flexible PCB having a 
space cut at a size equivalent to the glass, which has been 
formed by thermally bonding the CMOS image sensor chip with 
the first gold bump on the glass; 

Fig. 12 is a diagram exemplifying a step of inserting 



the glass thermally bonded with the CMOS image sensor chip to 
the flexible PCB; 

Fig. 13 is a top plan view of a flexible PCB 
illustrating a state that the glass thermally bonded with the 
CMOS image sensor chip has been inserted to the PCB, and that 
a second gold bump of the glass has been bonded with the PCB 
by means of ultrasonic wave and heat; 

Fig, 14 is a top plan view of the flexible PCB 
illustrating a state that epoxy resin has been molded after 
undergoing the processes from Figs. 3 to 13; 

Fig. 15 is a cross sectional view of the flexible PCB 
illustrating a state that epoxy resin has been molded after 
taking the steps up to Fig. 13; 

Fig. 16 is a top plan view of a COG (chip on glass) 
CMOS image sensor module illustrating a construction thereof 
according to the present invention; 

Fig. 17 is a cross sectional view of a COG CMOS image 
sensor module illustrating a construction thereof according 
to the present invention; 

Fig. 18 is a top plan view of the CMOS image sensor 

chip; 

Figs. 19 to 22 are diagrams exemplifying the steps of 
forming the gold bump; 

Fig. 23 is a top plan view of the CMOS image sensor 
chip, with which the glass has been bonded by means of 
ultrasonic wave and heat; 

Fig. 24 is a top plan view of the PCB having a space 
cut at a size equivalent to the space matchable with the 
glass including the CMOS image sensor chip thermally bonded 
with the first gold bump in Fig. 23; 

Fig. 25 is a view of the PCB illustrating a step of 
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inserting the glass including the CMOS image sensor chip 
bonded by means of ultrasonic wave and heat thereto; 

Fig. 26 is a top plan view of the PCB illustrating a 
state that the glass including the CMOS image sensor chip 
bonded by means of ultrasonic wave and heat has been inserted 
to the PCB, and that the second gold bump has been bonded 
with the PCB by means of ultrasonic wave and heat; 

Fig. 27 is a top plan view of the PCB illustrating a 
state that epoxy resin has been molded after taking the steps 
until Fig . 2 6; and 

Fig. 28 is a cross sectional view of the PCB 
illustrating a state that epoxy resin has been molded after 
taking the steps up to Fig. 26. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now 
be described with reference to the accompanying drawings. In 
the following description, same drawing reference numerals 
are used for the same elements even in different drawings. 
The matters defined in the description such as a detailed 
construction and elements of a circuit are nothing but the 
ones provided to assist in a comprehensive understanding of 
the invention. Thus, it is apparent that the present 
invention can be carried out without those defined matters. 
Also, well-known functions or constructions are not described 
in detail since they would obscure the invention in 
unnecessary detail . 

The preferred embodiments of the present invention 
should be classified into two types in terms of changing the 
conventional wire bonding method to the gold bump method. In 
other words, the classification is based on types of the PCB, 



on which the image sensor is seated. The first type is a 
flexible PCB, and the other type is a hard PCB . 

An embodiment applicable to the flexible PCB will be 
described first. 

Figs. 3 and 4 are a top plan view and a cross-sectional 
view of an F-COG (flexible PCB chip on glass) CMOS image 
sensor module illustrating a construction thereof according 
to the present invention. As shown in Figs. 3 and 4, the F- 
COG CMOS image sensor module comprises a flexible PCB 16 for 
transferring and transmitting electric signals, an image chip 
11 seated in a hollow area formed on a side surface of the 
flexible PCB 16, a predetermined transparent medium 18 having 
a printed circuit of a predetermined pattern on an upper 
surface thereof, a first bump 13 and a second bump 14 formed 
on the upper surface of the transparent medium 18, the first 
bump 13 being electrically connected to a pattern of the 
image chip of an image sensor seated on the flexible PCB 16 
by bonding, and the second bump 14 being electrically 
connected to the circuit of the flexible PCB 16; and epoxy 
resin 19 for molding a rear surface of the flexible PCB 16, 
on which an image chip is mounted. 

Here, the drawing reference numeral 17 identifies a 
connector terminal, while the drawing reference numeral 12 
identifies an image recognizing part of the image chip 11. 
The drawing reference numeral 110 identifies a pattern of the 
chip to be electrically connected to the first gold bump on 
glass. 

The drawing reference numeral 115 identifies an air- 
tight space between the chip and the glass, while the drawing 
reference numeral ' 114 identifies a printed circuit on the 
flexible PCB. The drawing reference numeral 113 identifies a 
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space, in which the chip is inserted, while the drawing 
reference numeral identifies a hollow area, in which the chip 
is supposed to be inserted. 

The following is a description of a process of 
fabricating an image sensor module according to the present 
invention. Fig. 6 shows a top plan view and a cross 
sectional view of glass or an IR-filter (hereinafter, 
referred to as *glass") before a printed circuit is formed. 
Fig. 7 is a top plan view of the glass, on which the printed 
circuit has been formed. Fig. 8 shows a top plan view and a 
cross sectional view of the glass after forming the first 
gold bump to be electrically connected to the image sensor 
chip. Fig. 9 shows a top plan view and a cross sectional 
view of the glass after forming the second gold bump to be 
electrically connected to the flexible PCB. Fig. 10 is a top 
plan view of the chip bonded with glass by means of 
ultrasonic wave and heat after forming the first and the 
second bumps; 

Fig. 11 is a top plan view of a flexible PCB having a 
space cut at a size equivalent to the glass, which has been 
formed by thermally bonding the CMOS image sensor chip with 
the first gold bump on the glass. Fig. 12 is a diagram 
exemplifying a step of inserting the glass thermally bonded 
with the CMOS image sensor chip to the flexible PCB. 

Fig. 13 is a top plan view of a flexible PCB 
illustrating a state that the glass thermally bonded with the 
CMOS image sensor chip has been inserted to the PCB, and that 
a second gold bump of the glass has been bonded with the PCB 
by means of ultrasonic wave and heat. Figs. 14 and 15 are a 
top plan view and a cross sectional view of the flexible PCB 
illustrating a state that epoxy resin has been molded after 
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undergoing the processes from Figs. 3 to 13. 

Accordingly, a printed circuit 15 is formed on the 
glass 18. A pattern of the circuit includes the first gold 
bump 13 and the second gold bump 14. 

As shown in Fig. 8, the first gold bump 13 is formed on 
the glass 15 so as to be electrically connected to the 
pattern 110 of the CMOS image sensor chip. 

Thereafter, the second gold bump 14 is formed on the 
glass so as to be electrically connected to the flexible PCB 
16 as shown in Fig. 9. 

Then, as shown in Fig. 4, the glass (refer to Fig. 9) 
is bonded with the CMOS image sensor chip 11 by means of 
ultrasonic wave and heat so that the pattern 110 of the chip 
11 can be electrically connected to the first gold bump 13. 

As shown in Fig. 11, the glass 111, which has been 
bonded with the CMOS image sensor chip 11 by means of 
ultrasonic wave and heat so that the pattern 110 of the chip 

11 can be electrically connected to the first gold bump 13, 
is inserted to the space 113 cut at a size equivalent to the 
chip 11 of the flexible PCB 112 as shown in Fig. 12. 

As shown in Fig. 13, the circuit 14 is bonded with the 
second gold bump 4 by means of ultrasonic wave and heat so as 
to be electrically connected to each other. 

After taking the steps up to Fig. 13, a rear surface of 
the flexible PCB 16 is molded by means of epoxy resin, as 
shown in Figs. 14 and 15, so as to air-tighten an image area 

12 of the chip 11 and the chip 11. Here, the molded portion 
19 serves to maintain air-tightness among the chip 11, the 
glass 111 and the flexible PCB 16. 

The method applicable to the flexible PCB described 
above is also applicable to the hard PCB. The following is a 
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description of that embodiment made with reference to Figs. 
16 to 28. 

Figs. 16 and 17 are a top plan view and a cross 
sectional view of a COG CMOS image sensor module illustrating 
a construction thereof according to the present invention. 
The COG CMOS image sensor module comprises a PCB 2 6 for 
transferring and transmitting electric signals, an image chip 
21 seated in a hollow area formed on a side surface of the 
PCB 26, a predetermined transparent medium 28 having a 
printed circuit 25 of a predetermined pattern on an upper 
surface thereof, a first bump 23 and a second bump 24 on an 
upper surface of the transparent medium 28, the first bump 23 
being bonded with a pattern of the chip of an image sensor 
seated on the PCB 26 so as to be electrically connected, and 
the second bump 24 being bonded with the circuit of the PCB 
26 so as to be electrically connected, and epoxy resin 29 for 
molding a rear surface of the PCB 26, on which the image chip 
is mounted. 

The drawing reference numerals representing the 
constitutional elements of the present invention but are not 
shown in the drawings are as follows: 22 for an image 
recognizing part of the chip; 27 for an array of cable pins 
of the PCB; 210 for a pattern to be electrically connected to 
the first gold bump on the glass; 211 for the glass, in which 
the first and the second gold bump have been completely 
formed; 212 for the PCB having a space cut at a size 
equivalent to the chip; 213 for the space, in which the chip 
is to be inserted; 214 for a printed circuit on the PCB; 215 
for the space air-tightened between the chip and the glass; 
216 for the molded portion filled up with molding resin to 
the glass surface between the first gold bump and the second 
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gold bump to maintain air- tightness . 

The following is a description of a process of 
fabricating an image sensor module according to the present 
invention made with reference to the accompanying drawings. 

Fig. 18 is a top plan view of the CMOS image sensor 
chip. Fig. 19 shows a top plan view and a cross sectional 
view of the glass before the printed circuit is formed. Fig. 
20 is a top plan view of the glass, on which the printed 
circuit has been formed. Fig. 21 shows a top plan view and a 
cross sectional view of the glass after the first gold bump 
has been formed so as to- be electrically connected to the 
image sensor chip. Fig. 22 shows a top plan view and a cross 
sectional view of the glass after the first and the second 
gold bumps have been formed so as to be electrically 
connected to the flexible PCB. 

Fig. 23 is a top plan view of the CMOS image sensor 
chip, with which the glass has been bonded by means of 
ultrasonic wave and heat. Fig. 24 is a top plan view of the 
PCB having a space cut at a size equivalent to the space 
matchable with the glass including the CMOS image sensor chip 
thermally bonded with the first gold bump in Fig. 23. Fig. 
25 is a view of the PCB illustrating a step of inserting the 
glass including the CMOS image sensor chip bonded by means of 
ultrasonic wave and heat thereto. 

Fig. 26 is a top plan view of the PCB illustrating a 
state that the glass including the CMOS image sensor chip 
bonded by means of ultrasonic wave and heat has been inserted 
to the PCB, and that the second gold bump has been bonded 
with the PCB by means of ultrasonic wave and heat. Figs. 27 
and 28 are a top plan view and a cross sectional view of the 
PCB illustrating a state that epoxy resin has been molded 
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after taking the steps from Fig. 18 to Fig. 26 to air-tighten 
the portion where the CMOS image sensor chip is mounted on a 
surface opposed to the surface where the chip is mounted in 
the PCB. 

In the process of fabricating the image sensor module 
according to the present invention, the printed circuit 25 is 
formed on glass in Fig. 19. A pattern of the circuit 
includes the first gold bump 23 and the second gold bump 24. 

As shown in Fig. 21, the first gold bump 23 is formed 
on the glass 25 so as to be electrically connected to a 
pattern 210 of a CMOS image sensor chip. 

As shown in Fig. 22, the second gold bump 24 is formed 
on the glass so as to be electrically connected to the PCB 26 
after forming the first gold bump as shown in Fig. 21. 

As shown in Fig. 15, the glass is bonded with the CMOS 
image sensor chip 21 by means of ultrasonic wave and heat 
after forming the first and the second gold bumps so that the 
pattern 210 of the chip 21 can be electrically connected to 
the first gold bump. 

As shown in Fig. 25, the bonded glass 211 is inserted 
to the space 213 cut at a size equivalent to the chip 21 of 
the PCB 212 so that the pattern 210 of the chip 21 can be 
electrically connected to the first gold bump 23 on the CMOS 
image sensor chip 21. 

As shown in Fig. 26, the pattern 214 of the PCB is 
bonded with the second gold bump 24 by means of ultrasonic 
wave and heat so as to be electrically connected to each 
other . 

After taking the steps up to Fig. 26, a rear surface of 
the flexible PCB 26 is molded by means of epoxy resin, as 
shown in Figs. 27 and 28, so as to air-tighten an image area 
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22 of the chip 21 and the chip 21. Here, the molded portion 
29 serves to maintain air-tightness among the chip 21, the 
glass 211 and the flexible PCB 26. 

The method for fabricating an image sensor module 
according to the present invention as described above has an 
advantage of minimizing the thickness of a package including 
a solid-state pickup device referred to as CCD or CMOS by 
changing the conventional wire bonding method to a gold bump 
method . 

Accordingly, when a flexible PCB is employed instead of 
the conventional ceramic PCB or an epoxy PCB, it is 
sufficient to put a cable pin array of the flexible PCB onto 
a connector of a digital signal processor (DSP) board, unlike 
the conventional method of soldering the PCB with the DSP 
board. Therefore, the post-process of mounting a module on 
the DSP board can be simplified. Moreover, the nature of 
free positioning of the flexible PCB makes it applicable to a 
variety of products. 

Furthermore, when the flexible PCB is employed under 
the conventional technology, problems arise such as a wire is 
not so adhered to the flexible PCB in the course of wire- 
bonding and the wire becomes unstable even after the wire- 
bonding. Also, when an image sensor chip is air-tightened, 
the flexible PC is bent due to high temperature under the 
conventional technology. The present invention solved these 
problems and provides a module of high reliability and easy 
manageability by employing gold bumps instead of the wire as 
well as by air-tightens an image area by means of glass (or 
an IR-filter) right above. 

Employing the gold bumps also serve to solve the 
problems attributable to the wire such as electric 
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characteristics are deteriorated due to the long electric 
path, breaking of the wire, contact with an adjacent wire, 
etc . 

A super slim size is demanded when the CMOS image 
sensor module is to be attached to a mobile communication 
terminal, and the method for fabricating an image sensor 
module according to the present invention satisfies such 
demand. Also, the factors that may affect the image due to 
the pa,rticles within hollows are almost eliminated by 
minimizing the hollows within a module. 

The present invention further provides advantages of 
reducing weight, thickness, length and size as well as 
enhancing air-tightness and reliability in the process of 
packaging the COG CMOS image sensor module. 

The present invention also drastically contributed to 
reducing weight, thickness, length and size of the module 
through minimization of the hollows between the chip and the 
glass by allocating the glass (or the IR-filter) on a surface 
right above the image area (the image recognizing portion) of 
the image sensor chip and by enhancing the air- tightness . 

The present invention further provides a module of high 
reliability and easy manageability to solve problems arisen 
under the conventional technology due to an employment of 
ceramic PCB or epoxy PCB such as instability of a wire even 
after the wire-bonding and problematic air-tightening of an 
image sensor chip, by employing gold bumps instead of the 
wire as well as by air-tightening an image area by means of 
glass (or an IR-filter) right above. 

Employing the gold bumps also serves to solve the 
problems attributable to the wire such as electric 
characteristics are deteriorated due to the long electric 
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path, breaking of the wire, contact with an adjacent wire, 
etc . 

As described above, the present invention provides a 
method for fabricating a COG CMOS image sensor module of high 
reliability and reduced weight, thickness, length and size. 

While the invention has been shown and described with 
reference to certain preferred embodiments thereof, it will 
be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 
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